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(54) Rubber composition containing siland modified carbon black 

(57) The invention relates to a rubber composition 
containing a modified silanol-containing cartoon black 
reinforcement which has a grafted hydrocarbon on its 
surface. The invention also relates to an article such as. 
for example, a tire having at least one conrponent of 
such rubber composition. 
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Description 
Field 

5 [0001] The invention relates to a rubber composition containing a modified silanol-containing carbon black rein- 
forcement having hydrocarbon radicals grafted thereon. The invention also relates to an article of manufacture such as, 
for example, a tire having a component of such rubber composition. 

Background 

10 

[0002] Rubber products, including tires, are typically prepared of components of elastomer-based rubber composi- 
tions which are reinforced with a particulate carbon blacl<. Sometimes such tire component rubber compositions also 
contain particulate silica reinforcement. 

[0003] While carbon black is hydrophobic In nature and has a degree of compatibility with diene-based elastomers, 
15 silica (ie: particulate precipitated silica) is hydrophilic. or water aljsorbing. in nature and is not considered to be as read- 
ily compatible with diene-based elastomers. 

[0004] Further, compatibility of carbon black to diene-based elastomers is understood to be assisted by typically 
inherent Van der Waals attractive forces between the carbon black and diene-based elastomer(s) and contributes to the 
cartwn black/elastomer compatibility. 

20 [0005] Contrarily. it is understood that there is typically a minimal, if any interaction of Van der Waals forces 
between precipitated silica and diene-based elastomer to aid in silica/elastomer compatibility 
[0006] In the description of this invention, the term "phr" where used herein, and according to conventional practice, 
refers to "parts of a respective material per 1 00 parts by weight of rubber, or elastomer". Usually the terms and percent- 
ages used herein are by weight unless othenMse indicated. 

25 [0007] In the description of this invention, the terms "rubber" and "elastomer" if used herein, may be used inter- 
changeably, unless otherwise prescribed. The terms "rubber composition", "compounded rubber" and "rubber com- 
pound", if used herein, are used interchangeably to refer to "rubber which has been blended or mixed with various 
ingredients and materials" and such terms are well known to those having skill in the rubber mixing or rubber com- 
pounding art. 

30 

Summary and Practice of the Invention 

[0008] In accordance with this invention, a rubber composition is provided which is comprised of, based upon 100 
parts by weight elastomer(s). (A) 100 parts by weight of at least one diene-based elastomer. (B) 30 to 100, alternatively 

35 30 to 90, phr of reinforcing filler composed of (1) 30 to 100, alternatively 30 to 90, phr of a carbon black which contains 
a plurality of silanol groups on its surface and which also contains a plurality of hydrocarbon radicals on its surface and 
(2) zero to 70, alternatively 10 to 50, phr of at least one reinforcing filler selected from carton black, precipitated silica, 
aluminosilicate and silanol-containing cartwn black without said grafted hydrocarbon radicals; wherein said grafted 
hydrocarbon radicals are comprised of at least one of alkyi, aryl, alkaryl and aralkyi radicals; where said alkyi radicals 

40 are aliphatic hydrocarbon radicals having from 6 to 1 8 carbon atoms, where said aryl radicals contain from 6 to 24 car- 
bon atoms, where said alkaryl radicals contain from 12 to 42 carbon atoms and where said aralkyi radicals contain from 
12 to 42 cartx)n atoms. 

[0009] It is contemplated that the silanol groups on the surface of the silanol-containing carbon black provide such 
carbon black with a degree of the elastomer reinforcement characteristics often attributed to precipitated silica rein- 

45 forcement and accordingly promote an aforesaid undesirable hydrophilic property associated with silica reinforcement 
as well as a reduction in Van der Waals attractive forces between the reinforcing filler and elastomer. 
10010] It is contemplated that the presence of the relatively bulky hydrocarbon groups on the modified silanol-con- 
taining carbon back surface increases its compatibility with the diene-based elastomer(s) by promoting a reduction Hs 
aforesaid undesirable hydrophilic property and an Increase in Van der Waals attractive forces between the reinforcing 

50 filler and elastomer. 

[001 1] It is estimated, for the purposes of this invention, that from 5 to 60 percent of the surface of the carbon black 
may contain silanol groups, taking into account the Irregular, and pore-containing surface of the carbon black. Such sur- 
face area of the carbon black is such surface area as may be determined by BET determination. 
[001 2] The BET method of measuring surface area is described, for example, in the Journal of the American Chem- 
55 ical Society. Volume 60, page 304 (1930). 

[001 3] For the modified silanol-containing carbon black of this invention, it is contemplated that from 5 to 40 percent 
of its BET determined surface area contains said bulky hydrocarbon groups. 

[0014] It is contemplated that a ratio of bulky hydrocartxjn groups to silanol groups on the surface of the modified 
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carbon black is in a range of 1/8 to 8/1 . 

[001 5] A significant aspect of this Invention is the Introduction of relatively bulky hydrocarbon groups onto the sur- 
face of a silanol-containing carbon black to counter, or at least reduce, the effect of hydrophilic propensity introduced by 
the aforesaid silanol groups and to thereby enhance the compatibility of the modified carbon black with diene-based 

5 elastomers. 

[001 6] Also. In one aspect, it is contemplated herein that an effect of the presence of the bulky hydrocarbon groups 
tends to cause the silanol-containing carbon black to have somewhat lower adsorptive interactions (Van der Waals) with 
diene-based elastomers and, therefore, tend to less effect upon immobilizing an elastomer needed for the good hyster- 
etic properties of its elastomer composition. 
10 [0017] As a result, it is envisioned that an enhanced reinforcing filler for diene-based elastomers is provided, as 
compared to conventional reinforcing carbon blacks and as compared to silanol-containing carbon blacks, without such 
hydrocarbon group modification. 

[0018] More specifically, a reduction, or inhibition, of occurrence of Van der Waals forces between the elastomers 
and carbon black is considered herein to be desirable and beneficial to improve (reduce) hysteretic losses of the rubber 
15 composition which is reinforced with such modified cartx)n black which Is predictive of lower rolling resistance of the tire. 
[0019] The rubber composition itself can also be provided as being a sulfur-cured composition through vulcaniza- 
tion of the uncured elastomer composition. The sulfur curing Is accomplished in a conventional manner, namely, by cur- 
ing under conditions of elevated temperature and pressure for a suitable period of time. 

[0020] In additional accordance with this invention, an article is provided as being comprised of at least one com- 
20 ponent of such rubber composition. 

[0021] In further accordance with this invention, such article is an industrial product selected from hoses and vari- 
ous transmission belts having at least one component of such rubber composition. 

[0022] In additional accordance with tills invention, a tire is provided comprised of at least one connponent of such 

rubber corrposition. 

25 [0023] In further accordance with this invention, a tire is provided wherein said component is selected from at least 
one of a circumferential tread, sidewall, carcass wire coat, carcass ply coat, sidewall apex, skJewall insert and carcass 
innerliner. 

[0024] In particular accordance with this invention, a tire is provided having a tread of such rubber composition. 
[0025] In practice, it is conventionally desired that the elastomer composition contains a coupling agent to aid in 
30 coupling said modified carbon black, precipitated silica, aluminosilate and silanol-containing carbon black, as the case 
may be; wherein said coupling agent has a moiety preferably a silane moiety, reactive therewith and another moiety 
interactive with said diene-based elastomer(s). Coupling agents are well known to those having skill in such art for use 
for such coupling purpose. 

[0026] For example, such coupling agent may be a bis-(3-alkoxysilylalkyl) polysulf ide wherein its polysulf idic bridge 
35 contains from 2 to 6 sulfur atoms selected from (a) said polysulfide having an average of from 2 to 2.6 or (b) 3.5 to 4.5 
sulfur atoms in its polysulf idic bridge; wherein the alkyi radicals for the alkoxy component are selected from at least one 
of methyl and ethyl radicals, and the alkyI radical for the silylalkyi component is selected from ethyl, n-propyl and butyl 
radicals. For example, such coupling agent may be a bis-(3-triethoxysilylpropyl) polysulfide. 

[0027] Various diene-based elastomer may be used in the practice of this invention and particularly homopolymers 
40 and copolymers of a conjugated dienes such as. for example, 1 ,3-butadiene and/or isoprene, or a copolymer of the con- 
jugated diene and an aromatic vinyl compound such as. for example, styrene and alpha-methylstyrene, preferably sty- 
rene. 

[0028] Representative examples of such diene-based elastomers are, for example, cis 1 ,4-polyisoprene (natural 
and synthetic), cis 1 .4-polybutadiene, isoprene/butadiene copolymers, butadiene/styrene copolymers whether pre- 
45 pared by emulsion or organic solvent polymerization, high vinyl polybutadiene having a vinyl 1 ,2- content in a range of 
30 to 90 percent. 3,4- polyisoprene, and styrene/isoprene/butadiene terpolymers. 

[0029] In practice, silanol-containing carbon blacks may be prepared by various means to provide the aforesaid 
silanol groups on their surfaces. 

[0030] For example, the silanol-containing carbon black may be treated by sodium silicate solution forming a si licate 

50 sti"ucture as described in EP-A1 -711 805. 

[0031] Alternatively the silanol-containing carbon black can be prepared by reacting an organosilane such as, for 
example, an alky! alkoxy silane with carbon black at an elevated temperature. Representative of such organosilanes 
may be, for example, tetraalkoxysilicates such as tetraethyoxysilicate, tetraethoxy titanate, tetraethoxy zirconate and tri- 
ethoxy aluminate.. Alternatively tiie silanol-containing carbon black may be prepared by co-fuming an organosilane and 

55 oil at an elevated temperature. 

[0032] At least a portion of tiie remaining, unmodified surface off the carton black is modified with said bulky hydro- 
carbon groups (radicals). 

[0033] For the modified silanol-containing carbon black of this invention, representative exanples of alkyI radical 
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substituents are, for exarr-jfe, tert-butyl, n-hexyl. n-octyl, tert-octyl, hexadecyl and octadecyl radicals and combinations 
thereof, Including alkyi ra. c.als containing up to 18 carbon atoms. 

[0034] Representative examples of aryl radical substituents for the surface of the carbon black are, for example, 
phenyl, naphtyl, acetonaphtyl, biphenyl. indoyi and indenyl radicals, and combinations thereof. 

5 [0035] Representative examples of alkaryi radical substituents for the surface of the carbon black are, for example, 
tert-butyl substituted phenyl, naphtyl, acetonaphtyl. biphenyl. Indoyi and indenyl radicals; n-hexyl substituted phenyl, 
naphtyl, acetonaphtyl, biphenyl, indoyi and indenyl radicals; n-octyl substituted phenyl, naphtyl, acetonaphtyl. biphenyl, 
indoyi and indenyl radicals; tert-octyl substituted phenyl, naphtyl, acetonaphtyl, biphenyl. indoyi and indenyl radicals; 
hexadecyl substituted phenyl, naphtyl, acetonaphtyl. biphenyl, indoyi and indenyl radicals; and octadecyl substituted 

10 phenyl, naphtyl, acetonaphtyl, biphenyl, Indoyi and indenyl radicals; and combinations thereof. 

[0036] Representative examples of aralklyl radical substituents for the surface of the carton black are. for example, 
phenyl substituted tert-butyl. n-hexyl, n-octyl, tert-octyl. and hexadecyl radicals; naphtyl substituted tert-butyl. n-hexyl, 
n-octyl, tert-octyl, and hexadecyl radicals; acetonaphtyl substituted tert-butyl, n-hexyl, n-octyl, tert-oclyl. and hexadecyl 
radicals: biphenyl substituted naphtyl, tert-butyl, n-hexyl, n-octyl, tert-octyl, and hexadecyl radicals; Indoyi substituted 

15 naphtyl. tert-butyl. n-hexyl, n-octyl, tert-octyl, and hexadecyl radicals; and Indenyl substituted naphtyl, tert-butyl, n- 
hexyl. n-octyl, tert-octyl, and hexadecyl radicals; and combinations thereof. 

[0037] The modification of the silanol-containing carbon black surface with the bulky hydrocartjon radicals may be 
accomplished, for example, by grafting the hydrocartx)n radicals onto the carbon black surface by free radical genera- 
tion processes known to those having skill in such art. For example, free radical generators such as peroxides and dia- 
20 zonium salts may be used. 

[0038] For application of peroxide free radical generation see. for example, Organic Chemistry (1987). by K. Peter 
and C. Vollardt page 108. For application of diazonium salt free radical generation, see, for example, Basic Principies 
of Organic Chemistry (1964) by J. D. Roberts and M. C. Casario, pages 1137-1 139. 

[0039] Such modification, or grafting, through free radical generation, may be conducted in an organic solvent solu- 
25 tion or in an aqueous medium, as desired. 

[0040] If the modification Is to be conducted in an organic solvent solution, representative solvents are, for example, 
cydohexane and toluene. 

[0041] Representative of various diazonium free radical generating agents are. for example, anlline(phenylamlne). 
4-tert-butylanlline, 4-aminobenzophenone, 2-amino-6-methylheptane, 1-aminopyrene, 1-amino-naphtyl and 2-ethyl- 
30 aniline. 

[0042] Representative of various peroxide free radical generating agents are, for example, perhydroxy acids such 
as t-butyl hydroperoxide and benzoicacid hydroperoxide as well as symmetric and asymmetric peroxides such as bis(t- 
txjtytperoxy-lsopropyl)benzene, t-butylperoxybenzoate, 2,5-dimethhyl-2,5-bls (t-butylperoxy)hexane, 1,V-bis(t-butylper- 
oxy)3,3.5-trimethylcyclohexane, dicumuylperoxide, 2,2'(t-butylperbxy)diisopropylbenzene. 
35 [0043] Use of various free radical generating agents for grafting hydrocarbon materials onto various substrates is 
believed to be well known to those having skill in such art. 

[0044] Reinforcing carbon blacks and carton blacks for preparation of modified caiton blacks contenplated for use 
in this invention are carbon blacks typically suitable for reinforcing elastomers such as, for example, carbon blacks hav- 
ing an Iodine adsorption value In a range of 40 to 160 g/kg, a DBP (dibutylphthalate) Number in a range of 80 to 180 
40 cm^/IOOg and the nitrogen absorption number (BET) in the range of 50 to 200 m2/g. Reference may be made to Jim 
Vanderbilt Rubber Handbook (1990) pages 416-418 for general descriptions of such cart>on blacks. Representative of 
such cart>on blacks are, for example. N110. N121, N234. N330. N660 and the like. 

[0045] The curatives for sulfur curing the rubber composition are curatives conventionally used for sulfur-curable 
elastomers which typically include sulfur and one or more appropriate cure accelerators and sometimes also a retarder. 

45 Such curatives and use thereof for sulfur curable elastomer compositions are well known to those skilled in the art. 
[0046] Sequential mixing processes for preparing sulfur-curable rubber compositions in which elastomers and 
associated ingredients exclusive of curatives are first mixed In one or more sequential steps, usually called a ''non-pro- 
ductive mixing step(s)'* followed by a final mixing step for adding curatives, usually called a "productive mixing step", are 
also well known to those skilled in the art. 

so [0047] The commonly employed siliceous pigments used In rubber compounding applications can be used as the 
silica in this invention, including pyrogenic and precipitated siliceous pigments, including aluminosilicates. although pre- 
cipitated silicas are usually pretended. 

[0048] The siliceous pigments preferably employed In this invention are precipitated silicas such as, for example, 
those obtained by the acidification of a soluble silicate, e.g.. sodium silicate, generally exclusive of silica gels. 
55 [0049] Such silicas might be characterized, for example, by having a BET surface area, as measured using nitrogen 
gas, preferably in tiie range of 40 to 600, and more usually in a range of 50 to 300 square meters per gram (m^/g). The 
BET method of measuring surface area is described in the Journal of the American Chemical Society. Volume 60. page 
304(1930). 
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[0050] The silica may also be typically characterized by having a dibutylphthalate (DBP) absorption value in a range 
of 100 to 400, and more usually 150 to 300 cc/100 gm. 

[0051 ] The silica might be expected to have an average ultimate particle size, for example, in the range of 0.003 to 
0.05 micron as determined by the electron microscope, although the silica particles may be even smaller, or possibly 
5 larger, in size. 

[0052] Various commercially available silicas may be considered for use in this Invention such as. only for example 
herein, and without limitation, silicas commercially available from PPG Industries under the Hi-Sil tradennark with des- 
ignations 210. 243, etc; silicas available from Rhone-Poulenc, with, for example, designations of Zeosil 1 165MP and sil- 
icas available from Degussa AG with, for example, designations VN2 and VN3, BV3380GR, etc. and from Huber as 
TO Zeopol 8745. 

[0053] It is readily understood by those having skill in the art that the rubber composition would be compounded by 
methods generally known in the rubber compounding art, such as mixing the various sulfur-vulcanizable constituent 
rubbers with various commonly used additive materials such as, for example, curing aids, such as sulfur, activators, 
retarders and accelerators, processing additives, such as oils, resins including tackifying resins, silicas, and plasticiz- 
15 ers, fillers, pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, peptizing agents and reinforcing 
materials such as, for example, carbon black. As known to those skilled in the art, depending on the intended use of the 
sulfur vulcanizable and sulfur vulcanized material (rubbers), the additives mentioned above are selected and commonly 
used in conventional amounts. 

[0054] The ingredients are typically mixed in at least two sequential mixing stages, namely, at least one preparative 
20 non-productive stage followed by a productive mix stage. The final curatives are typically mixed in the final stage which 
is conventionally called the productive" mix stage in which the mixing typically occurs at a temperature, or ultimate tem- 
perature, lower than the mix temperature(s) than the preceding non-productive mix stage(s). The terms "rK)n-produc- 
tive" and "productive" mix stages are well known to those having skill in the rubber mixing art. 
[0055] In at least one of the non-productive (NP) mixing stages, the materials are thermomechanically mixed and 
25 the mixing temperature is allowed to reach a temperature between U0°C and 185**C. In the productive mixing stage, 
the materials may be mixed to a temperature, for example, in a range of from 1 lO^'C to 120°C. 
[0056] The Invention may be better understood by reference to the following examples in which the parts and per- 
centages are by weight unless othenwise indicated. 

[0057] These examples are provided as an exemplary, contemplated practice of the invention. 

30 

EXAMPLE I 

[0058] Carbon black (N234) is modified by being surface treated with an organosilane by the following method: 
[0059] An oven is purged with a nitrogen to create an inert gaseous atmosphere within the oven. 

35 [0060] After gently crushing the carbon black, 0.5 grams of tetraethoxysilane per gram of carbon black are added 
to the carbon black. The homogenized mixture is then placed in a tempered alumina crucible. The crucible is placed in 
the oven. The oven Is purged with nitrogen from 30 minutes and then heated up to 800°C for two hours. The crucible is 
then removed from the oven and the contents cooled to room temperature which is typically in a range of 22°C to 25°C. 
[0061] The recovered carbon black is contemplated as containing silanol groups on its outer surface and is, there- 

40 fore, a silanol-containing cartx)n black. 

[0062] The sllanol-oontalning carbon black is modified by grafting a phenyl hydrocarbon radical onto its surface by 
the use of a diazonium free radical generating compound such as, for example, aniline(phenylamine) in a cyclohexane 
solvent. 

[0063] For this Example, it is envisioned that 5 percent of the surface of the carfc)on black contains the silanol groups 
45 thereon and 20 percent of the surface of the carbon black contains the bulky hydrocarbon groups on its surface; wherein 
the surface area of the carbon black is the BET determined surface area. 

[0064] It is envisioned that the modified carbon black is hydrophitic in nature due to the presence or the bulky hydro- 
carbon groups (radicals) in Its surface in spite of the inclusion of the silanol groups on Its surface. 

50 EXAMPLE II 

[0065] The modified silanol-containing carbon black prepared according to Example I is envisioned as being uti- 
lized for reinforcement of a rubber composition for a tire tread according to a recipe demonstrated in the following Table 
1. 



M.<5r)r)nin: <FP nsfl^.'n.'iAi i > 



5 



EP 0 992 535 A1 



Table 1 



Material 


Parts 


Non-Productive Mix Stages 




E-SBR^ 


25 


Isoprene/Butadiene Rubber^ 


45 


Cis 1 .4-polybutacliene Rubber'^ 


20 


Natural Rubber^ 


10 


Processing Aids^ 


23.4 


Fatty Acid 


3 


Silica^ 


Variable 


Carbon Black^ 


Variable 


Coupling agent^ 


Variable 


Productive Mix Stage 




Sulfur 


1.5 


Zinc Oxide 


2.5 


Antioxidant(s)^ 


3 


Sulfenamide and Thiuram Type Accelerators 


1.2 



1) Emulsion polymerization prepared SBR by The Goodyear 
Tire & Rubber Company having styrene content of 40 percent. 

2) Isoprene/butadiene copolymer elastomer having a Tg of - 
30 45°C and an isoprene content of 50 percent l>y The Goodyear 

Tire & Rubber Company. 

3) Cis 1 ,4-polybutadiene rubber as BUDENE® 1 207 by The 
Goodyear Tire & Rubber Company. 

4) Natural rubber (cis 1,4-polyisoprene). 

5) Rubber processing oil as being 9.4 parts in the E-SBR, 
vt/here the amount of E-SBR is reported above on a dry weight 
(without the oiO and in addition, 14 parts additional rubber 
processing oil, plaslicizers, resins and waxes are added. 

6) A silica as Z1165 MP by the Rhone Poulenc company 

7) Carbon black according to Table 2. 

40 8) A bis-3-(triethoxysiIylpropyl) tetrasutfide (50% active) as 

X50S from Degussa AG as a 50/50 blend of the tetrasulfide 
with N330 carbon black (thus, considered 50% active). 
9) Of the dihydro-trimethyl quindine type. 

45 [0066] The carbon black, silica and silica coupler components of the recipe shown in Table 1 are depicted in the 
following Table 2. 

[0067] Composition A is considered as being somewhat of a control since it uses the untreated cart>on black and 

without any silica or silica coupler. 

[0068] Composition B uses an unmodified carbon black with a silica coupler. 
50 [0069] Composition 0 uses the modified carbon black (Example I) and a silica coupler. 
[0070] Composition D uses silica reinforcement and a silica coupler. 
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Table 2 





Exp A 


ExpB 


ExpC 


ExpD 


N234 CB^ 


73 


73 


0 


0 


Treated N2342 


0 


0 


73 


0 


Silica Coupler^ 


0 


3 


3 


13.5 


Silica* 


0 


0 


0 


83 



1) Untreated N234 rubber reinforcing caibon black as 
Vulcan 7H from the Cabot Corporation. 

2) Modified siiane-containing carbon black according to 
Example I. 

4) Blend of bis (3-triethoxy-silylpropoyl) tetrasulfide and 
cart3on black in a 1 :1 ratio as X50S from Degussa AG. 
4) Silica as Zeosil 1165 MP from the Rhone Poulenc 
company. 



[0071] The resulting rubber composition is sulfur-vulcanized in a suitable moM at an elevated temperature in a 
rangeof 150*'Cto180°C. 

EXAMPt-g III 

[0072] A tire of size 195/65R15 is envisioned as being prepared having a tread of the rubber composition of Exam- 
ple II. 

Claims 

1. A rubber composition characterized by comprising, based upon 100 parts by weight elastomer{s), (A) 100 parts by 
weight of at least one diene-based elastomer. (B) 30 to 100 phr of reinforcing filler composed of (1) 30 to 100 phr 
of a modified silanol-containing carbon black which contains a plurality of silanol groups on its sur^ce and which 
also contains a plurality of hydrocarbon radicals on its surface and (2) zero to 70 phr of at least one reinforcing filler 
selected from carbon black, precipitated silica, aluminosilicate and silanol-containing carbon black without said 
hydrocarbon radicals and (C) a coupling agent having a moiety reactive with silanol groups on the surface of said 
modified cart>on black, precipitated silica, aluminosilate and silanol-containing carbon black and another moiety 
interactive with said elastomer(s); wherein said hydrocart^on radicals are comprised of at least one of alkyi, aryl. 
alkaryt and aralkyl radicals, where said alkyI radicals are aliphatic hydrocarbon radicals having from 6 to 18 carbon 
atoms, where said aryl radicals contain from 6 to 24 carbon atoms, where said alkaryl radicals contain from 12 to 
42 cart)on atoms and where said aralkyl radicals contain from 12 to 42 cart>on atoms. 

2. The rubt)er composition of claim 1 characterized in that said hydrocarbon radicals are selected from at least one of 

(a) alkyI radicals selected from at least one of t-butyl, n-hexyl, n-octyl. tert-octyl, hexadecyl and octadecyl radicals. 

(b) aryl radicals selected from at least one of phenyl, naphtyl, acetonaphtyl, biphenyl. indoyi and indenyl radicals, 

(c) alkaryl radicals selected from at least one of tert-butyl substituted phenyl, naphtyl. acetonaphtyl, biphenyl, Indoyi 
and indenyl radicals; n-hexyl substituted phenyl, naphtyl. acetonaphtyl, biphenyl. indoyi and indenyl radicals; n- 
octyl substituted phenyl, naphtyl, acetonaphtyl, biphenyl, indoyi and indenyl radicals; tert-octyl substituted phenyl, 
naphtyl, acetonaphtyl. biphenyl, indoyi and indenyl radicals; hexadecyl substituted phenyl, naphtyl. acetonaphtyl. 
biphenyl. indoyi and indenyl radicals; and octadecyl substituted phenyl, naphtyl. acetonaphtyl, biphenyl. indoyi and 
indenyl radicals; (d) aralklyl radicals selected from at least one of phenyl substituted tert-butyl, n-hexyl, n-octyl. tert- 
octyl, and hexadecyl radicals; naphtyl substituted tert-butyl, n-hexyl, n-octyl, tertoctyl, and hexadecyl radicals; ace- 
tonaphtyl substituted tert-butyl. n-hexyl, n-octyl, tert-octyl. and hexadecyl radicals; biphenyl substituted tert-butyl, 
n-hexyl. n-octyl. tert-octyl. and hexadecyl radicals; naphtyl substituted tert-butyl. n-hexyl. n-octyl. tert-octyl, and 
hexadecyl radicals; indoyi substituted tert-butyl. n-hexyl, n-octyl, tertoctyl, and hexadecyl radicals; and indenyl sub- 
stituted tert-butyl. n-hexyl. n-octyl. tert-octyl. and hexadecyl radicals. 

3. The rubber corrposition of any of the preceding claims characterized by comprising (A) 100 phr of at least one 
diene-based elastomer selected from homopolymers and copolymers of conjugated diene hydrocaiton(s) and 
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from copolymers of diene hydrocarbon(s) and a vinyl aromatic compound selected from styrene and alpha-methyl- 
styrene. (B) 30 to 100 phr of reinforcing filler composed of (1) 20 to 50 phr of a modified silanol-containing carbon 
black which contains a plurality of silanol groups on its surface and which also contains a plurality of hydrocaibon 
radicals grafted on its surface and (2) 10 to 80 phr of at least one reinforcing filler selected from carbon black, pre- 

5 cipitated silica, aluminosilicate and silanol-containing cartx)n black without said grafted hydrocarbon radicals and 
(C) a coupling agent having a moiety reactive with silanol groups on the surface of said modified carbon black, pre- 
cipitated silica, aluminosilate and silanol-containing carbon black and another moiety interactive with said elas- 
tomer(s): wherein said grafted hydrocarbon radicals are comprised of at least one of alkyi, aryl. alkaryl and aralkyi 
radicals, where said alkyI radicals are aliphatic hydrocarbon radicals having from 6 to 18 caibon atoms, where said 

10 aryl radicals contain from 6 to 24 carbon atoms, where said alkaryl radicals contain from 12 to 42 cartx)n atoms and 
where said aralkyi radicals contain from 12 to 42 carbon atoms. 

4. The rubber composition of any of the preceding claims characterized in that said coupling agent Is a bls-(3-trialkox- 
ysilylalkyl) polysulf ide having from 2 to 6 .with an average of 2 to 2.6. sulfur atoms in its polysulfidic bridge, wherein 

75 the alkyI radical of the alkoxy groups is selected from methyl and ethyl radicals and the all^l radical of the silylalkyi 
group is selected from ethyl, n-propyl and butyl radicals. 

5. The rubber composition of any of preceding claims 1 -3 characterized in that said coupling agent is a bis-(3-triaIkox- 
ysilylalkyl) polysulfide having from 2 to 6 .with an average of 3.5 to 4.5, sulfur atoms in its polysulfidic bridge; 

20 wherein the alkyl radical of the alkoxy groups is selected from methyl and ethyl radicals and the alkyI radical of the 
silylalkyi group is selected from ethyl, n-propyl and butyl radicals. 

6. The rubber composition of any of the preceding claims characterized in that said aluminosilate Is a co-predpitated 
silicate and aluminate. 

25 

7. The rubber composition of any of the preceding claims characterized in that said silanol-containing carbon black is 
prepared by reacting an organosilane with a carbon black at an elevated temperature or by co-fuming an organosi- 
lane with an oil at an elevated temperature. 

30 8. The rubber composition of claim 7 characterized in that the weight ratio of silanol groups to said hydrocarbon rad- 
icals on the surface of said modified carbon black is in a range of 1/8 to 8/1. 

9. The rubber composition of claim 3 characterized in that 5 to 60 percent of the surface of said modified carbon black 
contains silanol groups and 5 to 40 percent of the surface of said modified caibon black contains said hydrocart)on 

35 radicals. 

10. The rubber composition of any of preceding claims 1-7 characterized in that said grafted hydrocarbon radical for 
said modified caibon black is an alkyl radical selected from at least one of t-butyl. n-hexyl, n-octyl, tert-octyl, hexa- 
decyl and octadecyl radicals. 

40 

11. The rut)ber composition of any of preceding claims 1-7 characterized in that said grafted hydrocarbon radical for 
said modified carbon black is an alkaryl radical selected from at least one of (a) tert-butyl substituted phenyl, 
naphtyl. acetonaphtyl. biphenyl. indoyl and indenyl radicals; (b) n-hexyl substituted phenyl, naphtyl, acetonaphtyl, 
biphenyl. indoyl and indenyl radicals; (c) n-octyl substituted phenyl, naphtyl. acetonaphtyl, biphenyl, indoyl and 

45 indenyl radicals; (d) tert-octyl substituted phenyl, naphtyl, acetonaphtyl. biphenyl, indoyl and indenyl radicals; (e) 
hexadecyl substituted phenyl, naphtyl. acetonaphtyl, biphenyl, indoyl and indenyl radicals; and (0 octadecyl substi- 
tuted phenyl, naphtyl, acetonaphtyl, biphenyl, indoyl and indenyl radicals. 

12. The rubber composition of any of the preceding claims characterized in that diene-based elastomer(s) is selected 
50 from at least one of cis 1 ,4-polyisoprene (natural and syrrthef c). cis 1.4-poiybutadiene, isoprene/butadiene copol- 
ymers, butadiene/styrene copolymers whether prepared by emulsion or organic solvent polymerization, high vinyl 
polybutadiene having a vinyl 1.2- content in a range of 30 to 90 percent. 3.4- polyisoprene. and styrene/iso- 
prene/butadiene terpolymers. 

55 1 3. The rubber composition of any of the preceding claims characterized by being sulfur vulcanized. 

14. /Vn article characterized by being comprised of at least one component of the rubber composition of any of preced- 
ing claims 1-12 which is sulfur vulcanized. 
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15. The article of claim 14 characterized by being an industrial article of manufacture selected from hoses and belts. 

16. A tire characterized by having at least one component of the rubber composition of any of preceding claims 1-12. 
5 1 7. A tire characterized by having a circumferential tread of the rubber composition of any of preceding claims 1 -1 2. 
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